Background: Infection with Human Immunodeficiency Virus (HIV) is an established risk factor for tuberculosis infection. Population-based data on associations between HIV and tuberculosis (TB) can provide an epidemiological assessment of the impact of HIV infection on TB in environments where individual based data are difficult to collect. Method: We used an ecological study to assess the association between infection with HIV and tuberculosis in Oromia Region National State, Ethiopia in 2006/7. Result: The prevalence of HIV infection was significantly associated with the incidence of TB across the areas in Oromia region (r=0.69, p<0.01). Similar associations were also seen for the prevalence of HIV infection with the incidence of smear positive tuberculosis, smear negative tuberculosis and extra-pulmonary tuberculosis.
Introduction
Infection with Human Immunodeficiency Virus (HIV) is an established risk factor (1,2) for acquiring and developing infection with tuberculosis, and the recent increase in the worldwide prevalence of HIV infection has contributed to the rising global incidence of TB. Infection with TB is a particular problem in Ethiopia with an estimated annual incidence of 168 cases per 100,000 population for smear positive tuberculosis and 378 cases per 100,000 population for all forms of TB (3) . Infection with HIV is also an emerging problem in Ethiopia, and according to the Federal HIV/AIDS Prevention and Control Office, the single point HIV prevalence in 2007 was estimated to be 7.7% in urban areas (with a total number of 518,383 cases) and 0.9% in rural areas (with a total of 320,629 cases) (4) . A recent review of tuberculosis in Ethiopia noted that 'existing information on the association between HIV and TB in Ethiopia is limited' (5) . Although hospital-based cross sectional studies in Ethiopia have reported that most of tuberculosis patients were co-infected with HIV (6,7), with recent estimates ranging from 46% (8) to 65% (9) no analyses have assessed the association between infection with both HIV and tuberculosis in Ethiopia at a regional level, to provide data on how these two infections are interrelated in a population-based analysis. We have used public health data to test the hypothesis that the prevalence of infection with HIV and TB are correlated in Oromia Regional National State in Ethiopia using an ecological study design.
Methods

Study population
Oromia Region is the largest of the nine regions in Ethiopia and in 2008 had a population of about 28.8 million individuals, of whom approximately 85% live in rural areas. This state is administratively divided into 17 zones and 5 towns. Health facilities report all TB cases that are detected at their TB clinics and each patient is given a unique district number that is entered into the district TB registers. These data are checked for completeness and accuracy and reported to the National TB and Leprosy Control Programme. The case notification report format includes information for reporting the site, dates, age category, sex and type of tuberculosis (new smear-positive, smear-negative, extrapulmonary TB). In this study the data for TB case notification were obtained from the Oromia Regional Health Bureau for all TB patients who were registered between the periods of 1 September 2006 to 31 August 2007.
Data for the regional HIV prevalence were obtained from Oromia Regional Health Bureau. These data were collected in 2007 by a campaign that targeted social mobilization and the expansion of the antiretroviral service coverage across the region, using all available means including community leaders, religious leaders, school teachers and all government organizations. Blood samples were collected from all volunteers at health facilities, working places and in the community by trained health workers. The sample was tested for HIV immediately using a rapid test kit. Results were compiled at the district level and reported to the zonal health department and regional health bureau in a similar way to that used to report the TB data. Data were not available on the prevalence of HIV infection in Nekemte town which was thus omitted from any analyses. ______________________________________________________________________________________
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Statistical analysis
The data were analyzed using SPSS for Windows version 14. The incidence of different forms of TB was calculated by dividing the detected cases of each form of TB by the total number of population and presented per 1000 population. The ecological association between different types of tuberculosis and prevalence of HIV across the zones and towns was estimated using the Spearman's Correlation Test with a p-value of 0.05 considered to represent statistical significance. In the ecological analysis, there was a positive and strong ecological association (r=0.69 p=0.01) between the prevalence of HIV infection and the incidence of all forms of TB (Table 2, Figure 1,) . This association was also seen for smear positive pulmonary TB (r=0.51, p=0.02), smear negative pulmonary TB (r=0.70, p<0.01) and extra pulmonary TB (r=0.64, p<0.01). 
Results
Discussion
In this ecological analysis, we have demonstrated a positive association between the incidence of TB and prevalence of HIV infection using a 2006/7 data from Oromia Region Health Bureau, suggesting that the prevalence of HIV infection is associated with up to 47% of the variance in tuberculosis infection at the regional level. To our knowledge, this is the first report that HIV infection is associated with infection of tuberculosis in this region using population-based data.
The strengths of our data are that they were collected as part of the routine public health monitoring for tuberculosis infection and as part of an unrelated campaign to estimate the prevalence of HIV infection. We acknowledge that an ecological study design demonstrates correlations between factors at a population-based level, but does not permit conclusions to be drawn regarding the causal relations between the exposures/outcomes of interest. Moreover, the methods used to collect the data on the burden of infection with TB and HIV are potentially flawed and susceptible to potential biases and confounding factors including differentials in reporting symptoms, access to health care and diagnostic facilities (10) , and cultural attitudes to tuberculosis and HIV infection. For example, the data on TB incidence would have been collected from individuals who appeared for treatment, while the data on HIV prevalence were from volunteers, each adding different biases to the total study population. In addition, the use of data from smear-negative TB cases must be regarded with caution as this diagnostic category may include a variety of false-positive diagnoses. However, despite these limitations we were still able to observe ecological associations between the incidence of tuberculosis infection and prevalence of HIV infection. This suggests that the well recognised association between these two diseases at the individual level is now manifesting itself at a population-based level in Ethiopia. If causal, the size of the association suggests that a sizable proportion of the burden of infection with TB in this region of Ethiopia may be a consequence of HIV infection.
Although existing information on the association between HIV and TB infection in Ethiopia is limited (5), our findings are consistent with a series of health-facility based studies which have reported an association between HIV infection and TB from Ethiopia. A hospital based study in Ethiopia once (7) demonstrated the rising incidence of both TB and HIV infection in Addis Ababa. Similarly, a second cross-sectional hospital-based study by Kassu et al from North-West Ethiopia again showed the presence of the HIV in 52% of TB patients' blood (6), while a prospective study from Southern Ethiopia suggests HIV co-infection among patients with TB infection was approximately 18-21% (11) . A recent review of the development of the HIV epidemic in Ethiopia suggested that while there are signs of a possible decrease in prevalence in urban areas, the prevalence of HIV infection is increasing in rural areas. Having this in mind, the quality of the data available still makes all observations tentative at this stage (12) .
In summary, one can see an ecological association between HIV and TB suggesting that these two threatening infectious diseases are associated in Oromia Region at the population level. This may have implications for both prevention and case management of these infections in Ethiopia. In particular it suggests that there may be a case for strengthening the antituberculosis and anti-retroviral programmes using all available resources (13) . In areas where there are high TB case notification rates, it is important to consider the possibility that prevalence of HIV may also be increasing in these areas. Thus, this fact is a peak point to take appropriate public health measures to assess and address the problem.
